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Background Control of renal hemodynamics by the arterial baroreflex has never been proved in humans. Apart from the physiological viewpoint, this issue is relevant because altered baroreflex function has been implicated in the pathogenesis of human hypertension. Methods and Results Renal function studies were performed in seated healthy volunteers (n= 12; age range, 20 to 34 years) during sustained neck suction at -60 mm Hg, aiming to selectively activate the carotid sinus arterial baroreceptors. Two protocols were followed. One group of 6 volunteers taking a 20 mmol/d sodium diet underwent 90 minutes of neck suction. Compared with a time-control study, neck suction decreased arterial pressure and heart rate; increased glomerular filtration rate (inulin clearance) from 104±6 to 114±8 mL/min (P<.01), renal plasma flow (para-aminohippurate clearance) from 616±52 to 665±42 mL/min (P<.01), and renal blood flow (from 1120±95 to 1209±77 mL/min, P<.01); and decreased renal vascular resistance (from 86±8 to 76±6 mm Hg. min. L'1, P<.01). Neck suction had no effect on plasma renin activity, aldosterone, atrial natriuretic peptide, catecholamines, and renal sodium excretion. The other 6 volunteers took a normal sodium diet and underwent sustained neck suction for 60 minutes. In this group, no effects on renal hemodynamics could be discerned, despite a modest decrease in blood pressure and heart rate.
Conclusions These data show, for the first time, that the arterial baroreflex is involved in the control of renal hemodynamics in humans. However, basal arterial baroreflex control of renal hemodynamics is probably low, and arterial baroreflex activation with subsequent renal vasorelaxation may be found only in conditions in which basal arterial baroreflex control of kidney function is significant, as is presumably the case in seated sodium-restricted subjects. (Circulation. 1994; 90: 1883 -1890 Key words * carotid arteries * reflex * kidney a hemodynamics T he method of negative neck pressure ("neck suction") has been applied to study the effects of selective arterial baroreceptor activation on cardiovascular function in humans. Selective arterial baroreflex activation obtained in this way decreases heart rate and blood pressure'-'4 and vascular resistance in the calf7 and decreases peripheral sympathetic nerve activity,5'9"13"15 often with a correlation between magnitude of negative pressure participant underwent a clearance study on day 5 and day 7 of this diet. One of these studies included a 60-minute baseline period, followed by 60 minutes of neck suction at -60 mm Hg and a 60-minute recovery period. The other study concerned a time-control study (random order). In view of the inconvenience of sustained vigorous neck suction, we limited the duration of the experimental phase in this study to 60 minutes, having learned from the above-mentioned experiment that effects could be expected within this period (see "Results").
Blood and urine samples for clearance determinations were taken as described above. Additional blood samples for deter- (Fig 1) . Thereafter, heart rate gradually increased again to 60±4 beats per minute before cessation of neck suction. Immediately after discontinuation of neck suction, heart rate rose to 65±4 beats per minute (P<.05). Neck suction also caused a decrease in arterial pressure from 93±2 to 88±4 mm Hg (P<.05) in the first half hour of suction (Fig 1) . Blood pressure remained low but differed significantly from control only in the first 45 minutes of neck suction. After cessation of neck suction, a transient increase in blood pressure from 89±4 to 95±4 mm Hg (P<.05) was observed. During the timecontrol study, no consistent changes in heart rate and blood pressure were observed.
Compared with the time-control experiment, neck suction caused significant increments in ERPF and renal blood flow in the second and third half-hour periods of neck suction ( Table 2 ). The calculated renal vascular resistance was decreased throughout the neck suction experiment. The GFR increased in proportion to the increments in ERPF, as reflected by the absence of a change in filtration fraction. Neck suction had no effect on renal sodium excretion.
Neck suction caused no change in plasma renin activity, aldosterone, or atrial natriuretic peptide (Table 3). Plasma norepinephrine decreased in four of the subjects but overall did not change significantly during neck suction. No change was found in plasma epinephrine.
Neck Suction in Sodium-Replete Subjects
Effective stretch of the carotid sinus throughout the suction period was evidenced from the immediate fall in heart rate after initiation of suction (from 56±3 to 51±3 beats per minute, P<.05) and the immediate increase in heart rate after discontinuation of suction (from 54±2 to 60±2 beats per minute, P<.05) (Fig 2) . Similarly, blood pressure fell from 92±2 to 88±2 mm Hg (P<.05) immediately after initiation of neck suction and increased from 89±3 to 94±3 mm Hg (P<.05) after discontinuation of neck suction. No consistent changes in heart rate and blood pressure were found during the time-control study.
Neck suction had no effect on renal hemodynamics and sodium excretion (Table 4) . Plasma renin activity, aldosterone, and plasma atrial natriuretic peptide also did not change ( Neck suction has been used mainly to study the acute influence of the arterial baroreceptor reflex on cardiovascular function. For this purpose, neck suction is applied for several seconds or a few minutes at most.1-14 The overall conclusion drawn from these studies is that neck suction causes a prompt decrease in heart rate and blood pressure,1-3'5-810 muscle vascular resistance,7 and sympathetic activity.9"13-15 Our study confirms the immediate effect on heart rate and blood pressure and also shows that these changes tend to remain during continued neck suction, although differences are small and often not significant. Previous studies have demonstrated that during sustained neck suction, the heart rate and blood pressure adapt rapidly but only partially.210 However, as mentioned, these studies covered only a few minutes of suction. In equally short studies, no effect of neck suction on spontaneous36 or stimulated37 plasma norepinephrine concentrations was found. Our study confirms this finding, although some tendency The absence of an effect of neck suction on renal function in sodium-replete subjects compared with sodium-restricted subjects suggests a difference in prevailing arterial baroreflex control of kidney function. It is assumed that in normal sodium-replete humans, basal renal nerve activity is low and has little or no influence on renal hemodynamics.25,39 A decrease in effective blood volume has been shown to increase renal nerve activity in rats. 40 Although we are not aware of direct data in humans showing that sympathetic control of renal hemodynamics becomes significant during sodium restriction, this is a conceivable option, particularly in subjects examined in the upright position. Studies exploring the relation between arterial baroreceptor activity and blood pressure or muscle sympathetic activity in humans also suggest that sodium-replete subjects at rest operate at low levels of sympathetic excitation.3,9 It has been demonstrated recently that dietary sodium restriction increases the arterial baroreceptor control of heart rate and blood pressure in normal subjects studied with neck suction.'2 In parallel, we suggest that sodium restriction may also enhance arterial baroreflex control of renal hemodynamics and that neck suction can uncover such control, particularly in this condition.
It is unlikely that the discrepant findings in sodiumreplete subjects compared with sodium-restricted subjects were associated with a methodological difference. Although the experimental period in the sodium-replete subjects was relatively short, neck suction of similar duration caused consistent renal vasorelaxation in the sodium-restricted subjects. Also, in both groups, discontinuation of neck suction promptly increased heart rate, indicating adequate carotid stretch throughout the experimental phase. It is also unlikely that the difference in renal hemodynamic response was related to a greater degree of angiotensin II suppression in the sodiumrestricted subjects, even though baseline activity of the renin-angiotensin system was greatly stimulated in this group. Neck suction had no effect on plasma renin activity in both groups (see below). Besides, the vasodilation associated with angiotensin II suppression is characterized by a greater increase in ERPF than in GFR and thus with a decrease in filtration fraction. 41, 42 In the present study, the increases in ERPF and GFR were proportional, which is consistent with a change in renal nerve activity. Experiments in rats have demonstrated that variation of renal nerve activity is associated with proportional effects on GFR and ERPF. 43"44 The present study was not designed to detect brief transient changes in renal hemodynamics. For this purpose, clearance methods are evidently too slow. Therefore, it remains possible that sudden carotid stretch caused renal vasorelaxation also in sodiumreplete subjects but that this response is followed by Change in heart rate (bpm) In regard to the magnitude of the renal response observed here, two other points may be relevant. First, neck suction leaves the aortic baroreceptors undisturbed, and these were shown to be of prime importance for the magnitude of the arterial baroreflex-cardiac and -vascular response in humans.33.54 Therefore, it is quite possible that a more pronounced renal response would be obtained (in sodium-restricted as well as -replete subjects) if the entire arterial baroreflex were activated. The only way to accomplish this is the administration of hypertensive drugs, but this is complicated by direct drug actions on the kidney. Second, it is not unlikely that the arterial baroreflex effect on the kidney is potentiated by simulta-neous activation of the cardiopulmonary baroreflex. Such interaction, which has been shown in humans for the baroreflex cardiac and vascular response,"1'55 can explain why renal vasorelaxation is more commonly found during water immersion,"l38 which engages both cardiopulmonary and arterial baroreflexes.
In view of the above, carotid stretch may at most lead to partial deactivation of renal sympathetic nerve activity. If renin secretion is high, partial deactivation of renal sympathetic activity can cause renal vasorelaxation without influencing the stimulated renin secretion rate,25 in correspondence with our findings. Absence of renin suppression and the fact that neck suction, in contrast to challenges such as volume expansion, posture change, or water immersion, does not increase plasma atrial natriuretic peptide may also explain the absence of a natriuretic response in this experiment.
The relevance of the present data extends to pathophysiological conditions, hypertension in particular. Decreased baroreflex-cardiac sensitivity but not baroreflex-vascular sensitivity has been demonstrated in hypertensive humans19,20 and hypertensive rats.21 '22 Transient baroreflex dysfunction and hypertension have been observed in patients after carotid endarterectomy56 and Takayasu's arteritis,57 whereas baroreceptor deafferentation has been associated with hypertension in some animal studies.23-The questions whether baroreflex-renal sensitivity is altered during hypertension and whether altered baroreflex sensitivity can cause or contribute to human hypertension on a longterm basis are relevant only if it is assumed that the arterial baroreflex is involved in the control of renal function.26 '27 The present data support this assumption and also provide a model to examine the relation between the arterial baroreflex and kidney function in physiology and pathophysiology.
